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by OPs. However, the sensitivity of these four kinds of esterases to inhibition differs. We previously conducted a cross-sectional study among 241 workers from a pesticide plant as directly exposed group, 161 service persons in the same pesticide plant as indirectly exposed group and 150 workers without any records of pesticide exposure in another plant as control group. We measured the esterase activity of all these subjects. The results showed that the CarbE, BChE and PonE activity of subjects in exposed group was significantly lower than subjects in control group (Table 1) . The inhibition of AChE activity was related to the type of workshop and work process whereas the inhibition of AChE and BChE activity does not necessarily correlate closely with exposure time and level (Table 2~4 ). Besides, there was a dose-response relationship between the external exposure dose and CarbE activity ( * : the esterase activity of subjects in exposed group are significantly lower than those in Control (p<0.01). # : the esterase activity of subjects in Indirectly exposed group are significantly lower than those in C (p<0.01). Table 5 . Relationship between the external exposure level and esterase activity Similar research was done by other Chinese colleagues, for example, they (Lin et al., 2007) investigated 56 parathion exposed workers (as exposed group) and 120 non-exposed persons (as control group) and reported that there were significant differences (p < 0.001) of the activity of BChE, AChE, CarbE, and PonE compared with control group, but no difference (p > 0.05) in plasma -glucuronidase ( -GD) activity. And the rates of abnormity (below the lower limit of activity reference range) were 37.5% and 48.2% for CarbE and BChE respectively, which were all significantly higher than that of AChE (p < 0.001). But there was no significant difference between PonE activity (5.4%) and AChE activity (p > 0.05).
Dialkylphosphate (DAP) metabolites in Urine
On the other hand, there are clear evidences from biological monitoring studies that dialkylphosphate (DAP) metabolites of OPs can be detected in urine after OPs exposure. Six common DAP metabolites, e.g, dimethylphosphate (DMP), dimethylthiophosphate (DMTP), diethylphosphate (DEP), diethylthiophosphate (DETP), diethyldithiophosphate (DEDTP), and dimethyldiithiophosphate (DMDTP) have been determined. These metabolites are nonspecific to a particular organophosphate metabolism of different OPs can give rise to similar urinary metabolites. Urinary DAP metabolites reported in a number of studies are summarized in Table 6 . These metabolites in urine are useful to estimate exposure to several OPs. In the cross-sectional study mentioned above, we found that DMP and DETP concentration of workers in the directly exposed group was significantly higher than that of indirectly exposed group (Table  7) . Workers in different workshops have different urinary metabolites whereas the type of job influenced the concentration of urinary metabolites (Table 8 and 9 ). However, we didn't find that the total exposure time will affect the urine level of DAP metabolites (Table 10) . Another study, done by our research group, investigated in detail 30 workers packaging dimethoate from a pesticide plant. Urine samples of each participant pre-and postworkshift were collected. The results showed that 100% of the workers had at least one DAP metabolite present in both pre-shift and post-shift urine samples. DMP and DMTP were the most frequent metabolites (100%) found, followed by DMDTP, DEP, DETP and finally DEDTP (Table 11 ). DAP metabolites with dimethyl moieties (DMP, DMTP, and DMDTP) were detected at higher concentrations than those with ethyl moieties (DEP, DETP, and DEDTP) in both time points (pre-and post-workshift). Moreover, DMP, DMTP and DMDTP concentration in the post-shift urine samples were significantly higher than that in the pre-shift urine samples ( Table 12 . Urinary DAP metabolites concentration (geometric mean) of subjects in exposed groups Indeed, certain levels of DAP metabolites are also detected in non-occupationally exposed populations. We tested the urine samples of 60 college students and found that more than 86% of them had at least one type of DAP metabolites in the urine. DMDTP was the most frequent metabolite (86.7%) found, followed by DMP, DMTP, DEP, and finally DETP. And the results showed no detectable DEDTP (Table 13 ). DMTP were detected at much higher concentrations than other metabolites: the geometric mean of DMTP was high as 661 μg/gCr (Table 14) . (Zhao et al., 2010) . The PSQI scores of these farmers were 5.80±2.81, lower than those of general population. And the ESS scores of these farmers were 7.15±4.99, higher than those of general population. Moreover, the ESS scores of farmers who have been exposed to OPs more than 1000 days were significantly higher than other farmers (p<0.01). Zhang observed 284 occupational OPs exposed persons by dynamic ultrasonographic imaging and found a higher prevalence of fatty liver than non-exposed persons (W.P. Zhang et al., 2010) .
ECG changes in workers who have been exposed to OPs were also reported. An investigation of 706 exposed workers and 707 non-exposed persons and reported that about 19.69% of the workers had abnormal ECG changes against 12.31% of the non-exposed persons (Tang et al., 2004) . The abnormal ECG changes of exposed workers include sinus bradycardia, arrhythmia, incomplete right bundle branch block, and ST-T segment elevation. Our group once analyzed a series of data of medical examination (particular ECG examination) of 87 workers exposed to three kinds of OPs and found significant differences in the prevalence of ECG abnormalities between exposed and non-exposed groups.
Although the prevalence of ECG changes for exposed workers was much higher than that of prior to exposure, it did not increase with the prolongation of the exposure period. And the inhibition of AChE was not correlated to ECG disorders, which indicated that cardiac effects of OPs are not clearly related to the inhibition of AChE (Tables 15 and 16 Once we collected the information on OPs exposure history and signs and symptoms of the subjects through questionnaires and medical examinations among another exposed population. Then the weighting and total score of the signs and symptoms of neuromuscular system, respiratory system, circulatory system and digestive system was calculated. The results showed that the weighting and total symptom score in directly and indirectly exposed group was higher than that in control group, and there was a doseresponse relationship between the internal exposure dose and digestive system score (Table  17~19) . A higher percentage of abnormal hemoglobin was found in the workers in directly exposed group, in correlation with exposure time. The workers (working time 5~10 years) in directly exposed group showed a higher percentage of abnormal hemoglobin level, and there was dose-response relationship between the percentage of abnormal hemoglobin and accumulating external exposure dose (liner-liner association analysis (p<0.05) (Table 20 and 21). Besides this, some system scores and the percentage of abnormal hemoglobin were related to AChE activity regarded as an exposure dose (Table 22 ). There was negative correlation between the activity of AChE and signs scores according to correlation analysis. It showed a increasing trend of signs scores and percentage of abnormal hemoglobin with the decrease of AChE activity (Table 23 ).
Groups Number Table 23 . The raiao of medical examination abnormalities were related to the AChE activity
We also compared the 686 health surveillance records in 1979 and 1995 in Shanghai Pesticide Factory to understand changes of health status among employees and evaluate the effectiveness of occupational health measures herein. We noted that less symptoms and signs score in 1995 than 1979. Higher percentage of abnormal blood pressure was found among the first year new workers. With the pass of time, the percentage of such change also increased. There were no differences of hemoglobin levels among workers who engaged in different sectors and with different working ages. ANOVA test revealed that the activity of cholinesterase in 1995 was significant higher than 1979. The job code (which dominants the magnitude of OPs exposure) was a main affecting factor to the enzyme activity. Better health status in 1995 than in 1979 was also found based upon the data of 139 workers who had received two-times examinations in 1979 and in 1995. These results confirmed that the general health status of workers exposed to pesticides was better in 1995 than in 1979 in this pesticide factory. It indicated that the occupational health measures taken during this period of time were effective. In Shanghai Pesticide Factory, we also observed the typical tolerance phenomenon to OPs. The trend of change of ChE and clinical score among the contractor workers exposed to different levels of OPs were carefully studied. The trend of changes in blood ChE and score since starting exposure to 3 or 4 months were expressly present. We found that the ChE and score of packing workers sharply declined since the starting of exposure; there were significant exposure-effect correlations. After withdrawing of those who were poisoned (ca. 2%) in 40-60 days, the ChE and score dropped less steep and then turn to flat. It indicated that body developed tolerance to low-level exposure to OPs in 40-60 days. High level (or higher toxicity) exposure caused poisoning in portion of the workers, but the remainders tolerated the exposure, and kept ChE and score in a steady horizon, though fluctuated and less than normal.
Neurobehavioural effects caused by long-term OPs exposure
Some, but not all, epidemiological studies demonstrated that long-term exposure to OPs may be associated with impaired neurobehavioural performance. Clinical features that have been reported include anxiety disorder, depression, psychotic symptoms, dysthymic disorder (DSM-III-R); short-term memory problems, learning disorders, attention-deficit disorders, information processing problems, eye-hand coordination problems and delayed reaction time, and autonomic dysfunction. Zhang and his colleagues conducted a survey on a representative sample of 9811 rural residents in Zhejiang province (J.M. Zhang et al., 2009 ). These residents were asked about the storage of pesticides at home and about whether or not they had considered suicide within the 2 years before the interview. The Chinese version of the 12-item General Health Questionnaire (GHQ) was administered to screen for mental disorder. They found that the unadjusted odds ratio (OR) for the association between pesticide storage at home and suicidal ideation over the prior 2 years was 2.12 (95% confidence interval, CI: 1.54-2.93). After adjusting for gender, age, education, socioeconomic status, marital status, physical health, family history of suicidal behaviour, GHQ caseness and study design effects, the OR was 1.63 (95% CI: 1.13-2.35). These results indicated an association between OPs exposure and suicide ideation in rural areas of China.
Effects of long-term OPs exposure on the human reproduction
Another important feature of OPs is their endocrine disrupting effects and potential adverse impact on both male and female reproductive function. Studies carried out employing chronic exposure of animals to low doses of the OPs showed a reduction in reproductive function, both female and male. And a number of epidemiology data also demonstrated the deleterious reproductive effects of chronic exposure to OPs in occupational and/or environmental settings. Lv and her colleagues investigated the cross-sectional association between OPs use and menstrual function among 298 women working at a OPs factory (Lv, 2004) . Women were aged 21-45 years, premenopausal, not pregnant or breastfeeding, and not taking oral contraceptives. Menstrual cycle characteristics of interest included symptoms before the menstruation begins; cycle length (short cycles, long cycles, irregular cycles); missed periods (not experiencing a period for more than 6 weeks in the last 12 months); menstruation amount (large, small); and dysmenorrhea. After controlling for age, working time, and education level, the author found that women who used pesticides experienced more premenstruation symptoms and increased odds of irregular menstrual cycles compared with women who never used pesticides. Zhang and her colleagues observed 601 female workers in the first production line of the pesticide factory and 873 unexposed female workers according to the reproduction occupational epidemiological method (S.H. Zhang et al., 2004) . Then they reported a significantly higher incidence of premature delivery (8.20%), post-mature delivery (7.64%), spontaneous abortion (2.83%), and pregnancy induced hypertension syndrome (6.41%) in the exposed group than the unexposed group (p=0.000, 0.003, 0.004, 0.035). Li's investigation also showed an increased incidence of irregular menstruation, spontaneous abortion, and infertility in the OPs exposed group when compared with the control group (G.R. Li et al., 2000) . Li and Zou surveyed 161 male farmers exposed to OPs and 161 unexposed men via epidemiological questionnaires. Then these subjects received genital examinations, and their semen samples were collected for analysis. The authors found a decrease in sperm viability and percentage of sperm with forward progression, and normal sperm morphology. The semen density of farmers in the exposed group was 76.0±84.8×10 6 /mL, significantly lower than those in the unexposed group (100.0±56.4×10 6 /mL). Logistic regression analysis showed that chronic exposure to OPs would influence the sperm quality (W.Y. Li et al., 2004; Zou et al., 2005) .
Effects of long-term OPs exposure on fetal and childhood health
Large amount of evidence have shown that fetuses can be exposed to pesticides. OPs pass through the blood-brain barrier and placenta and have also been found in amniotic fluid. In addition, the young may receive greater exposure than adults, because they eat, drink, and breathe more per unit of body weight. They are closer to the floor and surfaces where pesticides may settle, and have extensive hand-to-mouth contact. Recent studies have shown that fetuses and young children have lower than adult levels of detoxifying enzymes and their brains are developing rapidly. This suggests that the nervous system of the fetus and young children is several-fold more susceptible to potential neurotoxic effects of such low-dose OPs exposure. Wang and his colleagues investigated the association between neurodevelopment and behavior of 301 children. Child neurodevelopment was assessed by the Gesell Development Schedule at 2 years of age. Developmental quotients (DQs) were obtained in motor, adaptive, language and social areas. They reported that geometric mean (GM) for children DAP metabolites (μg/g) were DMP: 10.38; DMTP: 6.56; DEP: 7.27; DETP: 14.26; DEDTP: 4.46 (Table 24) . They found a significant correlation between DAP levels and children neurodevelopment (Table 25 and 26. They also found the DQs were higher in high dose exposure group than in the low dose exposure group. There was highly significant difference between these two groups (p=0.03) (Table 27 ). In addition, DAP levels were positively associated with 8-OHdG in urine (r=0.594, p=0.000) (Wang, 2009 Wang also collected and analyzed urine samples of 187 pregnant women to evaluate the relationship of maternal prenatal DAP levels with birth outcomes. The results showed that GM of DAP metabolite levels (μg/g) of pregnant women were DMP: 25.75; DMTP: 11.99; DEP: 9.03; DETP: 9.45; DEDTP: 0.75. They did not found the evidence that OP pesticides at current levels adversely affect fetal development. Luo analyzed the birth outcome data of 5571 prenatal infants in a rural area of Guangdong Province and reported that 1.13% of them were born with deformity including hydrops fetalis syndrome, neural tube defects, hydrocephalus, and congenital equinovarus. Further logistic analysis found a relationship between maternal exposure to OPs and birth defects (Luo, 2004) .
Other health problems caused by long-term OPs exposure
By analyzing the death cause data of a cohort including 2270 workers employed for at least 1 year before Jan 1, 1983 and a sub-cohort of 1018 of them worked at OPs exposed workshop in a pesticide factory, we investigated the cause of death and mortality of cancer among OPs exposed workers and evaluated the relationship between long-term occupational OPs exposure and cancer occurrence. This study was followed up from Jan 1, 1983 to Dec 31, 2004. The death cause spectrum of OPs exposed workers was similar to that in reference population locally, but higher mortality of malignant tumor was found in OPs exposed workers. The SMR for all cancer, and malignant cancer were 120.2 and 119.6 respectively. SMR for malignant tumor of bladder, lung and stomach cancer were 303.7, 141.2, and 137.5 respectively (P<0.01). Chi-square test showed tumor mortality of exposed workers was higher than that of non-exposed workers (P<0.01), indicating the risk of malignant tumor death increased with exposure to OPs (Table 28 and 29). Hong tested DNA damage in peripheral lymphocytes of workers exposed to OPs via single cell microgel electrophoresis (SCGE) and found that the cometic rate of peripheral lymphocyte among OPs exposed workers was (2.8±1.9)%, significantly higher than that in control group (p<0.01). The amount of T lymphocyte -ANAE in peripheral blood among OPs exposed workers was also significantly higher than that in control group (p<0.01). These results suggested that chronic exposure to OPs may lead to genetic damage (Hong et al., 2002) . We studied the M 3 gene expression in peripheral blood lymphocyte of workers exposed to diamethoate and explore its role in the toxic effects of OPs. The lymphocytes in peripheral blood from 33 workers exposed to diamethoate and 15 control people were isolated and treated with saline and diamethoate in vitro, respectively. RT-PCR technique was used in determine M 3 gene expression. Basal and inducible gene expression levels were measured. The result was presented in ratio of optical density of sample mRNA and that of the reference ( -actin) as: (M 3 O.D.×353)/(248× -actinO.D.). There (OD) no significant difference of basal gene expression level between the exposed group and control group, (1.49±0.20) versus (1.49±0.45); while the inducible gene expression level was significantly higher in exposure group to the control group, (1.92±1.07) versus (1.22±0.19). No difference was found between male and female people in both exposed and control group. The inducible gene expression level was higher in the operators than in the packers, which maybe attribute to the difference of exposure time. The inducible M3 gene expression level showed a gradient increment with the elongation of the working age: <5yr(1.69±0.95), 5～25yr (1.91±1.03), >25yr (2.09±1.25). These indicated that after long-term exposure to OPs, the basal M3 receptor gene expression level in the exposed workers did not show any difference with the control group, but the inducible gene expression level (treated with OPs in vitro) would increase and the level was related to the degree of OPs exposure. Table 29 . Constituent ratio of death in OPs exposed population and reference population
Interaction of genetic polymorphisms and long-term OPs exposure
While this review has focused on health problems caused by long-term OPs exposure via a number of different ways including occupational, dietary, lifestyle or medicinal, it should be recognized that it is likely that polymorphisms within a variety of genes may affect susceptibility to OPs induced toxicity. Much of the work in this field has focused on OPs metabolism and detoxification pathways.
One of our studies examined whether BChE and PonE polymorphisms influenced susceptibility in OPs exposed population. We determined BChE-K, PonE-192 and PonE-55 genotypes of 75 OPs exposed workers using PCR-PFLP. And then their accumulative symptom scores and the whole blood AChE activity (mmol·h -1 ·ml -1 ) were measured as health index. We analyzed their health condition related to single gene site of the three gene loci to determine which kinds of genotype were susceptible. Then, we used the multiple variance analysis to see if there existed interactions among these three gene loci. . Single variance analysis showed that the accumulative symptom scores of the individuals with abnormal homozygote of these three gene loci were the highest, which indicated that they were most susceptible to OPs exposure. Multiple variance analysis showed there were no interactions among the three gene loci. Age, gender and exposure time had no statistical significance while genotypes of the three gene loci had significant relationship to health status. In conclusion, we found that the genotypes of BChE-K, PonE-192 and PonE-55 are associated with susceptibility to OPs exposure． Another work of our research group detected the genotypes of enzymes BChE, P450 and NAT2) and the polymorphic distribution via 7900 genotype detecting system and CMOS Chip technique. We found that the abnormal allele frequency of PonE-192, PonE-55 and BChE was respectively 37.8%, 1.9% and 13.7% whereas the abnormal homozygote frequency of PonE-192 and BChE was 15.0% and 1.6% with no abnormal homozygote of PonE-55 (Table 30 ). The genotypes of all enzymes reached Hardy-Weinberg balance. We further analyzed the effects of the genetic polymorphism of enzymes on urinary DAP metabolites, esterase activity, signs and symptoms. The results showed that the polymorphism of P450 metabolic enzymes (CYP1A2, CYP2E1) influenced the concentration of urinary DAP metabolites (DEP, DEDTP) (Table 31 ). The genotypes of PonE-192 and PonE-55 influenced the activity of PonE. The genotype of PonE-192*AA as well as PonE-55*ML appeared with low activity (Table 32 ). Lower activity of the same genotype of PonE-192 and PonE-55 (working duration less than 20 years) was found, while the BChE activity of workers more than 20 working years had the higher inhibition. We also found a relationship between PonE, BChE and exposure dose by controling the influence of genetic polymorphism (Table 33) . But there was no significant relationship between genetic polymorphism and examination abnormalities of exposed workers (Table 34 ). The activity of PonE was lowest in the workers with genotype of PonE192*AA + PonE55*ML + BChE*KK, and the AChE activtity was lower while signs scores was higher. The genotype of PONE192*AA + PonE55*ML + BChE*KK was the most sensitive. The liner regression analysis showed the polymorphism of PonE and BChE affected the activity of AChE, indicating that the gene polymorphism influence the health effects caused by OPs exposure (Table 36) . 
Conclusion
We present the research results conducted in China by Chinese scientists, mostly our research group. From these, we believe that the health problem caused by OPs exposure can't be ignored, though the exposure-response was not clearly elucidated. It is good that with the economic development towards better, the working condition has been improved and workers have less exposure to OPs. The traditional types of organophosphorus pesticides with high acute toxicity, such as methamidophos, parathion; methyl parathion and phosphamidon were prohibited in China, However, long-term and low level exposure to OPs is still a serious health problem and we should pay more attention to these public problems.
